ABSTRACT. Cosmid clone containing swine endothelin-1 (EDN1) gene, cosEDN1, was isolated from swine cosmid library using swine EDN1 cDNA as a probe. The sequence analysis of cosEDN1 DNA revealed that the swine EDN1 gene consists of 5 exons, spanning approximately 6.5 kb. In the 5'-upstream region of the EDN1 gene, AP-1 and NF-1 elements were found, suggesting the possibility that the expression of swine EDN1 gene is controlled by protooncogene products Fos and Jun, and TGF-β. Fluorescence in situ hybridization (FISH) using cosEDN1 DNA as a probe demonstrated that EDN1 gene resides on swine chromosome 7p13->pter. -KEY WORDS: EDN1, FISH, gene structure, mapping, swine.
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DNA sequence was determined by dideoxy chain terminator method using PRISM TM ready reaction dyeterminator cycle sequencing kit (Perkin Elmer, U.S.A.) and an ABI 373A DNA sequencer (Perkin Elmer, U.S.A.).
Fluorescence in situ hybridization: Peripheral blood cells from boars (Large White) were cultured and labeled with 5-bromodeoxyuridine (BrdU), according to the method described previously [3] . The cultured cells were treated with hypotonic solution and fixative, followed by spreading on glass-slides as described previously [22] .
The chromosome spreads were treated with 100 µg/ml of RNase A, then with 70% formamide-2 × SSC to denature the chromosomal DNA according to the method of Péquignot [16] . The resulting spreads were subjected to in situ hybridization under the following conditions; 20 µl of hybridization mixture containing 200 ng of heat denatured probe, 40 µg of denatured Cot5 DNA (repetitive sequenceenriched DNA fraction), 2 × SSC, 50 mM sodium phosphate, 1 × Denhaldt's solution, 10% dextran sulfate, 0.1% SDS and 50% formamide was laid on a spread with a cover slip, followed by incubation for 16 hr at 37°C. For the probe, the DNA of the cosmid clone was labeled with biotin-16-dUTP using a nick translation kit (Boehringer Mannheim, FRG). After hybridization, the spreads were rinsed and processed for detection of the hybridization signals on R-banded chromosomes as described previously [3] .
For precise localization of the signals on chromosomes, the hybridization signals were collected by cooled CCD camera (Hamamatsu Photonics Co., Japan) installed in a microscope under B2 excitation. The same frame of Rband patterns of the chromosome was then collected by the CCD under G-excitation. The image of hybridization signals was superimposed on that of R-band pattern using image analyzer (IBAS; Carl Zeiss, FRG) to locate signal positions on chromosomes.
Endothelin-1 (EDN1) consisting of 21 amino acid residues, which is processed from preproendothelin-1 via intermediate protein called "big endothelin-1", was originally identified as a potent vasoconstrictor peptide from a culture supernatant of porcine aortic endothelial cells [20] . Then the EDN1 has been demonstrated to possess a wide variety of biological activities, including contraction of nonvascular smooth muscles, stimulation of proliferation of vascular smooth muscle cells and fibroblasts, inhibition of renin release, and stimulation of catecholamine and aldosterone secretion [21] . A recent study on EDN1 gene targeting mice has shown that EDN1 is important for the normal development of the neural crest-derived tissues [10] . These findings suggest that EDN1 plays crucial roles in various physiological processes in mammals.
In the present study, the swine genomic fragment containing EDN1 gene was molecularly cloned to investigate the structure of swine EDN1 gene and its regulatory region located upstream of transcription initiation site. Furthermore, EDN1 gene was assigned to swine chromosome 7p13->pter by fluorescence in situ hybridization (FISH) using EDN1 genomic fragment as a probe.
MATERIALS AND METHODS

Molecular Cloning of swine EDN1 gene:
The plasmid DNA, pET4, containing cDNA of swine EDN1 was kindly donated by Dr. T. Masaki (The University of Tsukuba, Japan) [20] . The 1.8 kilobase (kb) fragment of the cDNA insert was separated from the plasmid vector and was labeled with digoxigenin (Dig) using Dig labeling Kit (Boehringer Mannheim, FRG). Using the labeled fragment as a probe, a cosmid library of swine genomic fragments (Clontech, U.S.A.) was screened to obtain the clones containing the EDN1 gene by colony hybridization according to the recommendation of the manufacturer, Boehringer
RESULTS
Structure of the swine EDN1 gene:
A cosmid library of swine genomic fragments was screened using swine EDN1 cDNA as a probe. Two clones were obtained through the screening and the DNAs were cleaved by restriction enzymes to produce the fragments. The sizes of the resulting fragments were identical between the two clones, so that one of the two was named cosEDN1 and processed for subsequent analysis.
When the cosEDN1 and swine genomic DNAs were cleaved with BamHI followed by Southern blot analysis using swine EDN1 cDNA insert as a probe, the band pattern observed in the cosEDN1 DNA (at positions of 10 and 4 kb) was the same as that detected in the swine genomic DNA (data not shown). This indicates that the cosEDN1 contain at least a part of the EDN1 gene. To confirm the above indication and to investigate the swine EDN1 gene structure, parts of cosEDN1 DNA were sequenced using sequence primers which had been appropriately designed on the basis of the swine EDN1 cDNA sequence (accession number, X 07383) [20] . When the genomic sequence thus determined was compared with the swine EDN1 cDNA sequence, it was demonstrated that cosEDN1 contained "complete" EDN1 gene (sequence data not shown). The structure of the EDN1 gene and the boundaries of exonintron were shown in Figs. 1 and 2 , respectively. Swine EDN1 gene consisted of 5 exons spanning approximately 6.5 kb, and the donor and acceptor sites of the 4 introns in this gene followed the GT-AG rule [17] . The first exon are shown in capitals and lowercase letters, respectively. In the exons, nucleotides are grouped by triplet codon. The nucleotide numbers are based on the reported sequence of swine cDNA (accesion number, X 07383). The lengths of the introns were estimated by PCR using cosEDN1 DNA as a template and using primer sets encompassing the respective introns except for the intron 3 determined by sequence analysis. was found to include the 5'-untranslated region; the second exon, the sequence for the mature EDN1 peptide; the third exon, the sequence for the endothelin-like peptide; the fourth exon, the sequence corresponding approximately to the carboxyl-terminal amino acids of the preproendothelin-1; and the fifth exon, the 3'-untranslated region. In exon 2, the two bases were different from the reported sequence of the swine EDN1 cDNA; one was a transition from adenine to guanine at nucleotide position (np) 166 in the cDNA sequence, which induces no change of amino acid residue, and the other one was a transversion from guanine to thymin at np 212, which caused amino acid change from arginine (AGG) to serine (AGT). However, since this change is not inside of mature EDN1 nor in the region relevant to the processing of preproendothelin-1 to EDN1, it would not influence the function of EDN1. The diversity observed in the present study might be a polymorphism in the population of pigs.
To obtain the information about the swine EDN1 gene expression, the 5'-flanking sequence of the EDN1 coding region was investigated. As shown in Fig. 3 , the TATA box [15] , which is involved in the binding of RNA polymerase II to the DNA, was found at 313 bp upstream from the initiation codon. Since RNA polymerase IImediated transcription was reported to initiate frequently at the adenine which is flanked by pyrimidines and is located approximately 30 bp downstream of the TATA box [14] , the adenine 33 bp downstream of the TATA consensus sequence was surmised to be the transcription initiation site.
[The putative transcription initiation site was numbered as np 1 in the EDN1 genomic fragment as shown in Fig. 3 .] Additionally, the CAAT box [15] which may modulate promoter function was found at np -99 (CACAAT); AP-1 element [13] , at np -110 (GTGACTAA) and np -365 (GTAGCTCA); and NF-1 element [6] , at np -294 (TGGCAGCTTGCAAA).
Chromosomal assignment of EDN1 gene: In order to localize EDN1 gene on swine chromosomes, chromosomespreads were subjected to FISH using biotin-labeled cosEDN1 DNA as a probe. Out of 143 spreads inspected with the microscope, 133 showed the fluorescence signals on the telomeric region of chromosome 7 p-arm, and the remaining showed non-specific localization of signals on chromosomes. A representative chromosome-spread having fluorescence signals on the telomeric region of chromosome 7 p-arm is shown in Fig. 4A . When the 133 spreads were scored for the type of signal arrangement on this telomeric region, 13% (17/133) showed signals at both chromatids of either homologue, 18% (24/133) at one chromatid of one homologue and at both chromatids of the other homologue, 24% (32/133) at both chromatid of one homologue, 14% (19/133) at one chromatid of both homologues, and 31% (41/133) at one chromatid of one homologue.
For precise localization of the EDN1 gene on the chromosome, the chromosome-spreads having the signals were selected on the basis of the spreadability of the chromosomes and the appearance of R-bands. Signal and R-band images of the chromosome spreads were taken by CCD camera, then the signal images were superimposed on the corresponding R-band images using IBAS to locate the signals on the R-banded chromosomes. Eight representative chromosomes 7 are shown in Fig. 4B . This analysis demonstrated that the EDN1 gene is localized on swine chromosome 7p13->pter.
DISCUSSION
In the present study, we have demonstrated that the swine EDN1 gene consists of 5 exons spanning approximately 6.5 kb (Figs. 1 and 2 ) and that TATA box [15] , CAAT box [15] , AP-1 element [13] , and NF-1 element [6] are located in the 5'-upstream region of the EDN1 gene (Fig. 3) . Furthermore, we have assigned EDN1 gene to swine chromosome 7p13->pter by FISH using the EDN1 genomic fragment as a probe (Fig. 4) .
The organization of swine EDN1 gene resembles that of human EDN1 gene, which consists of 5 exons spanning 6.8 kb [4, 8] . The insertion sites of introns 1 and 2 in the coding region, which produce exons 1, 2, and 3 in the genomic segment, were perfectly conserved in swine and human EDN1 genes. In the coding regions neighboring these insertion sites, amino acid sequences were also well conserved in swine and human. The insertion sites of the remaining two introns were not conserved though they are resemble each other in swine and human. As compared with human EDN1 gene, one additional amino acid and the deletion of 10 amino acids was observed at the intron 3 insertion site and in the vicinity of intron 4 insertion site in swine EDN1 gene, respectively. In the 5'-upstream region of the transcription initiation site, AP-1 element, which was found at np -109, -367, and -657 in human gene [8] , was found at np -110 and -365 in the swine EDN1 gene (Fig. 3) . It has been reported that AP-1 element can act as TPA-inducible enhancer in various mammalian genes [13] , and that the complex of protooncogene Fos and Jun products activates the transcription of various mammalian genes by binding to AP-1 element [5] . EDN1 mRNA in human endothelial cells was found to be rapidly elevated several fold by TPA [8] , and its gene expression was reported to be regulated by binding of Fos and Jun to AP-1 element [12] , which findings are consistent with the observations above. These facts imply that swine EDN1 gene expression would be regulated by Fos and Jun, and would be elevated in the endothelial cells treated with TPA. NF-1 element, which was found at np -292 in the human gene, was found at np -294 in swine EDN1 gene (Fig. 3) . The association of TGF-β with NF-1 element was found to contribute to the transcriptional elevation of mouse type I collagen gene [18] . These findings taken together are consistent with the observation that the EDN1 mRNA was elevated in swine aortic endothelial cells cultured in the presence of TGF-β [9] .
The assignment of EDN1 gene to swine chromosome 7p13 ->pter by FISH in the present study (Fig. 4) has not only confirmed the findings based on radioisotope in situ hybridization reported by Lahbib-Mansais et al. [11] but also provided more precise localization of EDN1 gene on the chromosome. The precise localization of EDN1 on the chromosome in the present study would serve as a key anchor locus on telomeric region of 7 p-arm in the genetic linkage map [1] which is to be used in identification of genes controlling the phenotypic traits. On swine chromosome 7, heat shock protein 70 (HSPA1) and tumor necrosis factor alpha (TNFA) have been reported to reside on 7p11 and 7p11-q11, respectively [23] . This synteny is conserved on human chromosome 6: EDN1, on chromosome 6p23-p24 [2] ; HSPA1, on chromosome 6p22-p21.3 [7] and TNFA, on the chromosome 6p21.3 [19] . These results indicate that the part of swine chromosome 7 ranging from the telomeric region of p-arm to q11 is conserved in human chromosome 6 p-arm.
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